Surgical risks and lessons learned: Mortality following gastric bypass in a severely obese adolescent  by Michalsky, M. et al.
Contents lists available at ScienceDirect
J Ped Surg Case Reports 1 (2013) 321e324Journal of Pediatric Surgery CASE REPORTS
journal homepage: www.jpscasereports .comSurgical risks and lessons learned: Mortality following gastric bypass
in a severely obese adolescentM. Michalsky a,*, S. Teich a, A. Rana b, E. Teeple c, S. Cook d, D. Schuster eaDepartment of Pediatric Surgery, Nationwide Children’s Hospital, Columbus, OH 43205, USA
bDepartment of Pediatric Surgery, Dell Children’s Hospital of Central Texas, Austin, TX 78723, USA
cDepartment of Surgery, Brigham and Women’s Hospital, Boston, MA 02115, USA
dHeart Institute, Children’s Hospital of Pittsburgh of UPMC, Pittsburgh, PA 15224, USA
eDepartment of Internal Medicine, The Ohio State University Wexner Medical Center, Columbus, OH 43210, USAa r t i c l e i n f o
Article history:
Received 7 August 2013
Received in revised form
26 August 2013
Accepted 29 August 2013
Key words:
Adolescent
Bariatric Surgery
Cardiac
Mortality
Risk* Corresponding author. Tel.: þ1 614 722 3915; fax:
E-mail addresses:marc.michalsky@nationwidechild
edu (M. Michalsky).
2213-5766 2013 The Authors. Published by Elsevier
http://dx.doi.org/10.1016/j.epsc.2013.08.013a b s t r a c t
Recent evidence highlighting the potential metabolic beneﬁts of “early” surgical weight loss on obesity-
related comorbidities has resulted in a steady increase in the number of adolescent bariatric procedures
performed in the Unites States. Despite current literature describing cardiovascular disease (CVD) risk in
adults undergoing bariatric surgery, there is a paucity of corresponding information related to the
severely obese adolescent population. The clinical case described in this report serves as a reminder that
severely obese adolescents may have subclinical CVD that has been previously unanticipated based on
age alone. Although “youth” may limit the development of atherosclerotic heart disease, it does not
protect against the development of other serious cardiac conditions (i.e. cardiomyopathy and micro-
vascular disease). As with the case of other obesity-related metabolic derangements, including type 2
diabetes mellitus, obstructive sleep apnea and hypertension, the degree of CVD burden should not be
underestimated in this young but unhealthy population. This case provides stimulus for important
questions regarding obesity-related CVD in the pediatric population and highlights the need to establish
appropriate clinical assessment algorithms and perioperative guidelines to more accurately address
potential CVD risk for the severely obese adolescent population undergoing all elective surgical inter-
vention including bariatric procedures.
 2013 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-SA license.Recent data have demonstrated an exponential rise in childhood
obesity in the U.S. since the 1960’s with current data indicating that
4e7% of the pediatric population is affected by severe obesity (i.e.
body mass index (BMI)-percentile  99th percent for age or
BMI  40 kg/m2) [1]. Similar to studies in the adult population, a
mounting body of evidence examining the use of surgical weight
reduction procedures (i.e. bariatric surgery) in the adolescent
population demonstrates durable reduction in excess body
weight and improvement in many obesity-related co-morbid dis-
eases (i.e. type 2 diabetes (T2DM), hypertension (HTN), obstructive
sleep apnea (OSA), etc.) [2e7]. In combination with evidenceþ1 614 722 3903.
rens.org, michalsky@chi.osu.
Inc. Open access under CC BY-NC-SA licendemonstrating an increase in the number of adolescent bariatric
procedures being performed in the U.S. [8e10], the need for careful
consideration of potential physiological risks during the perioper-
ative time period seems increasingly apparent. Therefore, a chal-
lenge in the ﬁeld of adolescent bariatric surgery concerns the ability
to adequately assess and manage potential perioperative risks,
including obesity-related cardiovascular (CVD) disease [11e18],
which have mainly relied on adaptation of “adult” clinical algo-
rithms [2,19e28]. Herein, we present a case of a cardiovascular-
related death in the immediate post-operative period following a
Roux-en-Y gastric bypass (RYGB) in a severely obese adolescent
with a review of the literature regarding pre-operative risk factors
in this patient population.
1. Case study
A 19 year old Caucasian male with a BMI of 65 kg/m2 and
multiple obesity-related comorbid conditions, including impaired
glucose tolerance, OSA, depression, exercise-induced asthma,se.
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fungal skin infections and delayed puberty, underwent a laparo-
scopic RYGB at our institution after multiple failed attempts to
achieve weight loss through diet, exercise, and behavior modiﬁca-
tion. Prior to the planned bariatric procedure, the patient under-
went a comprehensive pre-surgical evaluation at the Center for
Healthy Weight and Nutrition at Nationwide Children’s Hospital,
Columbus, Ohio. The patient was a non-smoker and had no iden-
tiﬁed family history of heart disease. In addition to the routine
evaluation process with members of the core bariatric team (i.e.
bariatric surgeon, medical director, adolescent psychologist, social
worker, registered dietician, etc.), the patient was thoroughly
evaluated by specialists in pediatric cardiology, sleep medicine, and
endocrinology in order to optimize speciﬁc co-morbid conditions in
the pre-operative period. Table 1 illustrates the routine pre-oper-
ative laboratory and diagnostic evaluations that are presently
conducted on all patients prior to undergoing a surgical weight loss
procedure at Nationwide Children’s Hospital. Results of a standard
12-lead electrocardiogram (ECG) demonstrated normal sinus
rhythm, normal axis and intervals (QTc ¼ 411 ms). In addition, a
pre-operative trans-thoracic echocardiogram (TTE) demonstrated
normal left ventricular size and systolic function with no structural
abnormalities in the presence of “limited acoustic windows” due
the patient’s large body habitus. Preoperative medications included
bupropion 450 mg daily, ﬂuconazole 200 mg daily, nystatin powder
tid, iron sulfate 325 mg tid, sumatriptan PRN, and acetaminophen/
caffeine/aspirin PRN. Despite documented OSA, the patient re-
ported being only intermittently compliant with recommendations
for the application of continuous positive airway pressure (CPAP)
during periods of sleep.
Following routine administration of pre-operative antibiotics
and initiation of standard deep venous thrombosis (DVT) pro-
phylaxis with subcutaneous administration of low molecular
weight heparin (40 mg), the patient underwent laparoscopic
RYGB. No technical complications occurred during the operation
and the patient remained hemodynamically stable throughout the
procedure, which lasted approximately three hours. Following
initial extubation in the post-anesthesia recovery unit, the patient
immediately developed tachypnea and hypoxemia requiring re-
intubation and re-initiation of mechanical ventilation. Review of
the post-intubation chest radiograph revealed satisfactory position
of the endotracheal tube with clear lung ﬁelds bilaterally. Despite
immediate improvement in pulmonary parameters following re-
intubation, the patient developed persistent tachycardia (heart
rate 150e180 beats per minute) and recurrent hypoxemia shortly
after arrival to the pediatric intensive care unit (PICU). Repeat
chest radiograph shortly after arrival to the PICU again conﬁrmed a
properly positioned endotracheal tube with no evidence of
pneumothorax, pulmonary edema or mediastinal abnormalities.
Laboratory blood work revealed no major abnormalities. TheTable 1
Routine preoperative bariatric evaluations performed at Nationwide Children’s
Hospital, Columbus, Ohio (laboratory analysis and diagnostic studies).
Laboratory studies Diagnostic evaluation
Complete blood count Chest radiograph
Comprehensive metabolic panel Electrocardiogram-12 lead
Liver function tests Transthoracic echocardiography
Thyroid function test Dexa Scan (bone mineral density scan)
Fasting serum glucose Sleep study (if clinically indicated)
Hemoglobin-A1c
Insulin
C-reactive protein
Vitamin studies
Urine pregnancy test (female)patient subsequently developed acute hypotension (systolic blood
pressure < 90 mmHg) and oliguria, which were refractory to initial
resuscitative ﬂuid administration and was rapidly followed by
sudden cardiovascular collapse. Despite the institution of imme-
diate and aggressive maneuvers under Advance Cardiac Life Sup-
port guidelines for 35 min, the patient expired.
Postmortem analysis revealed signiﬁcant cardiomegaly
(720 gm)with increased but normally distributed epicardial fat. The
cardiac chamberswere described as dilated but without evidence of
atherosclerosis, thrombosis, or valvular disease. Subsequent
microscopic examination revealed signiﬁcant interstitial ﬁbrosis.
The pulmonary arteries were free of emboli, and the lung paren-
chyma showed no evidence of edema or consolidation. Intra-
abdominal assessment demonstrated no evidence of anastomotic
leak, hemorrhage or intestinal ischemia. Hepatomegaly (4130 gm.)
was identiﬁed with moderate macrovesicular steatosis on micro-
scopic examination. The cause of death was determined to be
sudden cardiac arrhythmia in association with previously undiag-
nosed dilated cardiomyopathy.
2. Discussion
Although no formal consensus regarding eligibility criteria for
adolescent bariatric procedures exists, a mounting body of evidence
supports the utilization of previous guidelines set forth for the adult
bariatric population as a result of the NIH’s 1991 Consensus Con-
ference on bariatric surgery [9,29]. Despite the existence ofmultiple
reports reviewing bariatric surgery-related outcomes in the adult
population, citing rates of expected surgical mortality ranging from
0.5% to 5% [2,19,25e28,30e32], there is a relative paucity of long-
term data examining both morbidity and mortality data in the
corresponding adolescent age group [5,16,22e28]. In a recent re-
view comparing the results of 55,192 adults versus 309 adolescents
undergoing bariatric surgery at academic medical centers, Varela
et al. found 30-day complications rates to be 9.8% and 5.5%,
respectively. The authors concluded that bariatric surgery in ado-
lescents was extremely effective and that adolescent patients
appear to experience lower rates of complication when compared
to the adult cohort [33]. An additional multi-institutional report of
adolescent bariatric outcomes by Lawson et al., following RYGB at
three centers, showed a 37% decrease in mean BMI at one year in
addition to signiﬁcant improvements in fasting serum cholesterol,
glucose, and insulin levels. Documented complications included the
presence of surgical wound infections, anastomotic strictures, deep
vein thrombosis and internal herniation. A single mortality con-
sisting of a patient with a BMI of 80 kg/m2 was reported to have
occurred nine months postoperatively and attributed to Clostridium
difﬁcile sepsis [34]. Sugerman et al. reported their 20-year experi-
ence with 33 adolescent bariatric surgery cases (mean
BMI ¼ 52  11 kg/m2) and showed a signiﬁcant decrease in BMI
after 14 years with resolution of associated comorbid conditions
(i.e. T2DM, HTN, OSA, gastro-esophageal reﬂux disease, and pseu-
dotumor cerebri). Early complications included pulmonary embo-
lism, wound infection, anastomotic stricture, and marginal
ulceration, similar in nature to the adult population. Late compli-
cations included one small bowel obstruction and six incisional
hernias requiring surgery. There were no perioperative deaths;
however, two patients were reported to experience sudden death
two and six years postoperatively (postmortem analyses were not
performed) [35]. These studies support the overall efﬁcacy and
safety of bariatric surgery in morbidly obese adolescents by
showing signiﬁcant and durable weight loss as well as a marked
improvement in related comorbid conditions. Interestingly, they
also describe morbidity and mortality proﬁles that are generally
improved in comparison to adult patients.
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adults undergoing bariatric surgery, several investigators have
offered speciﬁc perioperative recommendations designed to lower
bariatric-related morbidity and mortality [13e15,19,20]. DeMaria
et al. provide recommendations for perioperative assessment in
adults by ﬁrst identifying and addressing all associated medical
comorbidities. Non-invasive cardiac testing was recommended for
all patients at high risk based on history, physical examination and
functional capacity [15]. Corresponding recommendations
regarding preoperative cardiovascular disease risk are not available
for the adolescent bariatric surgery population.
Currently, the majority of “routine” cardiac assessments per-
formed for adolescents undergoing bariatric surgery consist of a
standard ECG and the possible utilization of TTE. Although widely
used, recent evidence suggests that TTE may not be an ideal diag-
nostic modality for cardiac assessment in the extremely obese
population [31]. In a recent review by Ippisch et al., the in-
vestigators reported poor diagnostic image quality as a leading
cause for non-inclusion in a retrospective analysis designed to
examine changes in cardiac structure and function following
adolescent bariatric surgery. Speciﬁcally, only 56% (38 of 67) of the
potential subjects were determined to have adequate echocardi-
ography results with sub-optimal image quality being cited as a
leading cause for study exclusion. While the results of this study
demonstrate signiﬁcant improvement in cardiac geometry and
function following surgically induced weight loss, it also brings into
question the reliability of such non-invasive diagnostic tools for
adequate preoperative cardiac risk assessment in this population
[36]. The evaluation of the severely obese adolescents is further
complicated due to absence of data examining the overall preva-
lence of CVD risk factors, morbidity and mortality within this age
group. Because it is assumed that “youth” protects this group from
signiﬁcant CVD complications, an algorithm involving pharmaco-
logic stress testing and/or invasive or advanced cardiac imaging
modalities, such as cardiac angiography and cardiovascular mag-
netic resonance (CMR) imaging respectively, are not routinely uti-
lized. Furthermore, in a recent study by Naﬁu et al. examining
comorbid disease among nearly 6000 pediatric surgical patients, a
signiﬁcantly higher prevalence of HTN, T2DM, and bronchial
asthma was seen in the morbidly obese group [27]. Similar to re-
ports by others, the bariatric surgical screening experience at our
institution demonstrates a high prevalence of CVD risk as evi-
denced by signiﬁcantly elevated serum cholesterol levels [3]. In
addition, a recent review of pre-operative bariatric patients un-
dergoing cardiac evaluation at our institution reveal a high inci-
dence subclinical cardiovascular abnormalities [37]. Speciﬁcally, we
have recently reported preliminary ﬁndings demonstrating ven-
tricular hypertrophy and adenosine-induced cardiac perfusion ab-
normalities at baseline (i.e. prior to surgical intervention) using
CMR imaging methods which demonstrated marked improvement
on follow-up examination within the ﬁrst post-operative year [37].
These ﬁndings suggest that a more extensive evaluation for CVD
risk may be warranted in the adolescent population [3,37].
Interestingly, only a small number of reports documenting the
postmortemﬁndings inmorbidlyobese adults after bariatric surgery
have been published [17,30,38]. Cummings et al. reviewed the
ﬁndings after performing an autopsy on ten deceased adult patients
(mean BMI 60.3 kg/m2) who underwent bariatric surgery within 14
days. All patients demonstrated signiﬁcant cardiomegaly and he-
patomegaly. Five of the patients succumbed to cardiac-related
deaths due to an arrhythmia of which three had an abnormal ECG
preoperatively [18]. A report by Drenick et al. also discussed the
autopsy ﬁndings of obese surgical (non-bariatric) patients after
sudden cardiac deaths and found that a subset of patients with a
prolonged Q-T interval were at higher risk of dying due to lethaldysrhythmia. Speciﬁcally, 31 of the 38 autopsied obese patients died
of sudden cardiac deaths and had prolonged Q-T interval on pre-
operative ECG. Interestingly, initial interpretation of 29 of the 38
ECGs were reported as “normal” but reclassiﬁed as pathologic on
postmortem review [17]. Furthermore, the risk of sudden cardiac
death in severely obese patients has been well established [17,39].
Duﬂou et al. found that obesity increases the risk of sudden death by
comparing postmortem cardiac pathology of 22 severely obese pa-
tients (BMI  39 kg/m2) to 11 non-obese patients who died of
traumatic injuries. While autopsy results demonstrated car-
diomegaly in 100% (22/22) of severely obese subjects, 45% (10/22)
were also noted to have dilated cardiomyopathy which was deﬁned
as contributable to the ofﬁcial “cause of death.” Increased heart
weight andmale sex were also shown to be independent predictors
for sudden deaths in the obese group [39]. Based on these studies,
cardiomegaly is a common ﬁnding in morbidly obese patients,
whichwas also found in the subject of this case report, and therefore
raises concerns regarding the sensitivity of routine diagnostic mo-
dalities currently utilized during preoperative cardiac evaluation.
Although the patient described in the current report underwent
a thorough cardiac screening algorythm, including utilization of
routine TTE and a 12-lead ECG, the exact cause of the arrhythmia-
related death remains unclear. As alluded to above, potential causes
should include the possibility of long QT syndrome (LQTS) which
can be present despite documentation of a normal ECG [40]. As
routinely performed at our institution, efforts designed to mitigate
such risk should include review of preoperative ECGs by cardiolo-
gists who are experienced in the diagnosis of LQTS as well as other
forms of potentially lethal arrhythmias. In addition, an important
component of cardiac screening includes a thorough evaluation of
associated family history (i.e. sudden cardiac death in ﬁrst degree
relatives and/or documentation of “early” atherosclerotic disease)
which was known to be unremarkable in the current case. No
additional information, including post-mortem genetic screening of
the patient or associated ﬁrst degree relatives, was available.
In addition to the widely accepted screening methodologies
described above, and in relation to our recently reported experience
using CMR imaging [37], future research efforts focusing on the
clinical application of high ﬁdelity diagnostic modalities designed
to mitigate potential periopertiave cardiovascular risk should be
encouraged.
3. Conclusion
As the number of tertiary care centers performing bariatric
surgery on the extremely obese adolescent population continues to
increase, it is becoming clearer that there is a need for standardized
and evidence-based preoperative cardiovascular evaluation. To the
best of our knowledge, this report represents the ﬁrst known case of
post-bariatric surgical mortality in the immediate post-operative
period due to a cardiac etiology (i.e. sudden cardiac arrhythmia in
association with previously undiagnosed dilated cardiomyopathy)
and serves as a prelude to considering the components of a struc-
tured preoperative evaluation for this population.
Preliminary data demonstrating the existence of previously
unappreciated cardiovascular abnormalities, including the use of
high ﬁdelity diagnostic modalities such as CMR, suggest that more
robust data pertaining to CVD assessment may be required in order
to mitigate associated risk. Therefore, future research efforts in this
regard should speciﬁcally focus on development of treatment
strategies that are designed to reduce potential perioperative risk(s)
that are independent of the broader clinical experience observed in
the adult population. Furthermore, conclusions from such future
studies should be applied to all surgical interventions (i.e. including
bariatric surgery) involving the severely obese pediatric population.
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